DOCKET NO: U 013475-2 - 
SERIAL NO.: 09/856,422 
FILED DECEMBER 13, 2001 
GROUP NO.: 2621 

United States Patent nsn 

Nelson 


[ii] Patent Number: 
[45] Date of Patent: 


4,720,633 
Jan. 19, 1988 


[54] SCANNING ELECTRON MICROSCOPE FOR 
VISUALIZATION OF WET SAMPLES 


[75] 


Inventor: Alan C. Nelson, Andover, Mass. 


[73] Assignee: Electro-Scan Corporation, Topsfield, 

[21] Appl. No.: 820,537 
[22] Filed: Jan. 17, 1986 

[51] Into/ COIN 23/00 

52 U.S.C1 250/310; 250/251 

[58] Field of Search 250/251, 306, 310, 311, 

250/441.1; 319/121 EQ, 121 EJ, 121 EN 
[56] References Cited 

U.S. PATENT DOCUMENTS 


2,467,224 4/1949 Picard ... 
2,890,342 6/1959 Columbe 


,GyU,J"*i VUHlUiU^. — • — 

,,393,295 7/1983 Beisswenger et al 319/121 EJ 

4,528,451 7/1985 Petric et al : 250/441.1 

4,596,928 6/1986 DantUatos 250/310 

Primary Examiner— Bruce C. Anderson 


, r Firm— John P. White; Michael Stark 
ABSTRACT 


Attorney, Agent, 
[57] 

A scanning electron microscope useful for obtaining 
microscopic data or images of wet specimens is pro- 
vided with comprises an electron source capable of 
emitting a beam of electrons; an electron optical vac- 
uum column with means for focussing the beam of elec- 
trons; means for scanning the focussed beam of elec- 
trons across a specimen; a differentially pumped aper- 
ture column attached to the electron optical vacuum 
column and having at least two walls perpendicular to 
the sides of the differentially pumped aperture column 
defining a suitable series of pressure gradients, each wall 
having an aperture aligned to permit the beam of elec- 
trons to pass through said differentially pumped aper- 
ture column; a specimen chamber which may be main- 
tained at normal atmospheric pressure; a specimen 
mount; means of preventing, the buildup of negative 
charge on the surface of the specimen; and a detector 
and image recording system. 

9 Claims, 1 Drawing Figure 
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1 Consequently, microscopic examination of wet or living 

VISUALIZATION OF WET SAMPLES ^ agnif ^ ation and resolution power of electron m.cro- 
BACKGROUND OF THE INVENTION 5 scopes . ^ ^ ^ ^ resolution ing 
The optical light microscope has P^f capability for living and wet substances or for surface 
found role in biological research by P«mittu£ to first P Qf materiaU has preo ccup.ed the field of 
view into the microscopic world of cells. One of he ^.^^ technology for some tune. Attempts to 
greatest applications of light microscopy is in the study g g ^ ^ ^ ^ creaUon of h d 
of hvmg microorganisms and tissues, ^tabgl* as acoustic microscopes, electron tunneling ^mi- 
microscope can probe a sample in its somewhat natural v ce micr0 sco P es and x-ray micro- 
condition However, the light microscope is ^ ^^However, these devices are not capable of pro- 
resolution of about one micron 0 ™ c '°^° • ^ high reso lution images without subjecting speci- 
- menfto S g h vacuum or heavy radiation doses and 


SrrSS^r ^^MAKVOPTHH^BNTION 

d :^gS^9^i^ 20 fo ^sSc=^^ 

provide usable magnifications ™*™<^™ tb * ™ ns therein a beam of electrons emitted from an elcc- 
resolution in tens of Angstroms (1 A- 10 ™>. ™Z ™ct is focused and maintained in a strong vac- 

SghTeLtution \£KSl for manf ndustrial appli- P whe £ it Scanned across the surface of the speomen to 
^^^^^^^ ^SerentiaUy pumped aperture 

*j ^^e^der room coitions. S^nit ihe controlled movement of air molecules , and 

^Se^naging technologies, such as computer- 35 ™* Uqw the beam 0 f electrons to pas; .through 

JSS^SS^Cm »* ™*« r SifTerentially pumped aperture column and «othe 

nance ("NMR"), allow imaging or living specimens but imen cham ber. A network of air pumps is use* to 

"ack the necessary magnification and high resolution ^ ^ vacuwn gradient within the aperture column 

features of electron microscopes. wherein cach wall having an aperture defines a pressure 

Generally, electron microscopes operate by directing 40 ^ q{ WQ orders of mag nitude. The aper- 

a beam of electrons rapidly over or through the surface » has at least ^ apert ures. 

ofaSecimen contained in an evacuated chamber As «« ^ ecimen chamber a ^oaffl^ » 

the electrons hit the specimen, the specimen scatters the itioned for sup p 0 rting and/or movmg a specunen so 

electrons. A device then reads the dispersion intensities J 8 ™ 0 ^ the % cuvtd beam of electrons to interact 

and translates them into an image of the fpecimen. 0£ « en ^ mount locatedonly a few 

taming an undistorted image of the specimen from the f from the differentially pumped aperture 

interaction of the electrons with the specimen requires reduce deflection or dispersion of the elec- 

that the electron beam hit the spectmen dtrecdy wi tout ™ molecules m the path of the focused beam of 

being scattered by air molecules. To avoid the distor- 1 J Furthermore, a charge neutralize m the 

lion caused by air molecules, electron microscope speci- 50 « chamber may be used to prevent the buildup 

mens arfplaced in a vacuum chamber during ; the .mag- ^™» v C e charge ori the surface of the specimen 

mg process, thereby providing the electron beam with of jiega ^ ^ ^ ^ ^ wUh the 

^Tacu^ distor- specimen. ^ rf ^ ^ buildup f 

tion in the imaging process but makes it ""possible jto « ^ ^ imen surface 1S prevented 

use the electron microscope to image hying and wet thc specim en surface. In a preferred 

specimens. Living specimens such as cells and tissues erabodim / nt of ^ invention an adjustable voltage aspi- 

cannot survive in a vacuum for the time necessary ^to emoo ^ molecuks tQ flow a0rO s S ,he 

produce the image. Smiilarly, wet specimens experience " t0 ^ surface g ln a embodiment of the in- 

evaporation of their fluid content in the vacuum before 60 ^ ec ^ en s d air U^les which flow across 

an image can be produced. Additionally the electron ^J^^ ^ collec ted by a capacitor plate 

beam causes a negative charge to build up .on the sur 6t ^ adjacent to the specimen mount opposite the 

face of most specimens, resulting in lower image resolu- locatec a J 

tion. To overcome this problem, **°*>*^™ 65 invention uses a detector suitable for detecting a 
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electrons, characteristic x-rays, and photons, all of The side walls of the differentially P«»P^ »P£» r = 
which are emitted upon exposure of the specimen to the column 2 and the perpend.cular walls 3, 4 and 5 def me 
focused beam of electrons. Detectors suitable for de- a series of air pressure gradients through which the 
tecting these signals include scintillator detectors and beam of electrons passes irom a zone of low pressure 9 
semiconductor detectors. The detector provides an 5 to successive zones of higher pressure 10. This series oi 
electrical signal output representative of the detected air pressure gradients is maintained by a network oi air 
sienal This output is used to display and record the pumps and the air flow between adjacent zones of pres- 
image represented by the detected signal. sure is controlled by the diameter of the aperture con- 

One embodiment of the invention contemplates a necting each zone, 
scintillator detector disposed above the specimen mount 10 By limiting the number of air molecules within the 
and a charge neutralizer comprising an adjustable volt- differentially pumped aperture column 2 and control- 
age aspirator. In another embodiment of the invention, ling the air flow between adjacent zones of P««ure, the 
the detector is a semiconductor disposed above the beam of electrons is permitted to pass through the dif- 
specimen mount and the charge neutralizer is an adjust- ferentially pumped aperture column without being sig- 
able voltage aspirator. A further embodiment of the 15 nificantly distorted by collisions with air molecules, 
invention contemplates a semiconductor detector dis- The present invention contemplates a device com- 
posed above the specimen mount and a charge neutral- prising at least two apertures. A device with a diiTeren- 
izer comprising an adjustable voltage aspirator with a tially pumped aperture column having two apertures 
capacitor plate having a charge opposite that of the provides an image resolution of about 0.2 microns, 
charged air molecules M However, a device with a differently pumped aper- 

In a preferred embodiment of the invention, the dif- ture column having three apertures offers improved 
ferentially pumped aperture column has three aper- vacuum stability resulting from the stabilized air move- 
tures the detector is a scintillator disposed above the ment between adjacent zones of pressure. Such a device 
specimen mount and the charge neutralizer is an adjust- may provide an image resolution of about 0.02 microns, 
able voltage aspirator with a capacitor plate. Another 25 In a preferred embodiment of the invention, the beam 
preferred embodiment contemplates a differentially of electrons passes from the electron optical vacuum 
pumped aperture column with three apertures, a semi- column 1 wherein the air pressure is approximately 
conductor detector disposed above the specimen mount 10-s Torr> t0 a fi rs t zone of pressure 9 defined by the 
and a charge neutralizer comprising an adjustable volt- side walls of the differentially pumped aperture column 
age aspirator with a capacitor plate. 30 2, a first perpendicular wall 3 and a second perpendicu- 

This invention permits a specimen to be examined in lar wall 4, said first zone of pressure 9 being connected 
an environment other than a vacuum and without prep- to the electron optical vacuum column 1 by a first aper- 
aration restrictions. It is therefore useful for micro- ture, the objective aperture 6, and having a pressure ot 
imaging living and wet substances or other materials at approximately 10"* Ton. The beam of electrons passes 
normal atmospheric conditions or other conditions. 35 from the first zone of pressure 9 to a second zone of 
Applications for this device include biological and ma- pressure 10 defined by the side walls of the differentia ly 
terials science research, medical-clinical diagnostics and pumped vacuum column 2, the second perpendicular 
surgery, oil exploration/drilling core structure analysis, wall 4 and a third perpendicular wall 5. Said second 
semiconductor quality control, and industrial process zone of pressure 10 is connected to the first zone ot 
control. 40 pressure 9 by a second aperture, internal aperture 7, and 

to the specimen chamber by a third aperture the pres- 
BRIEF DESCRIPTION OF THE FIGURE sure lim i t i ng ape rture 8. A pressure of approximately 10 

FIG. 1 is a schematic cross-sectioned view of a de- Torr is maintained within the second zone of pressure, 
vice embodying the present invention in a particular This embodiment of the invention further contemplates 
f orm 45 the optical aperture 6 having a diameter of approxi- 

mately 200 am, the internal aperture 7 having a diame- 
DET AILED DESCRIPTION OF THE ter of approximately 100 u.m and the pressure limiting 

INVENTION aperture 8 having a diameter of approximately 500 |im. 

Referring in more particularity to FIG. 1, the inven- The distance between the optical aperture 6 and the 
tion contemplates an electron optical vacuum column 1 50 internal aperture 7 is approximately 1 mm and the dis- 
with an electron source capable of emitting a beam of tance between the internal aperture 7 and the pressure 
electrons. The strong vacuum within the column per- limiting aperture 8 is approximately 2 mm. 
mits the beam of electrons to pass freely through the The beam of electrons passes through the pressure 
column without being deflected by collisions with air limiting aperture 8 of the differentially pumped aperture 
molecules. Also within the column are means for focus- 55 column 2 and into the specimen chamber 11. The speci- 
sing the beam of electrons and scanning it across a sam- men chamber 11 may be at normal atmospheric pressure 
pl e or another suitable pressure under which the specimen 

The beam of electrons passes from the strong vacuum to be imaged may be maintained, 
of the electron optical vacuum column 1 into a differen- Located within the specimen chamber is a specimen 
tially pumped aperture column 2 attached to the elec- 60 mount 12 on which the specimen to be imaged is sup- 
tron optical vacuum column 1. The differentially ported. The specimen 12 may also be capable of physi- 
pumped aperture column 2 comprises at least two end cally moving the specimen during imaging, 
walls 3 and 5 perpendicularly depending from the sides Also located within the specimen chamber is a detec- 
of the column 2. Additionally, one or more interior tor capable of detecting high energy electrons or x-rays 
walls 4 may be similarly disposed between said end 65 and other signals emitted by the specimen upon expo- 
walls 3 and 5. Each wall contains an aperture 6, 7 and 8 sure to the beam of electrons. Suitable detectors include 
aligned to permit the passage of the beam of electrons scintillators, semiconductors, and photo multiplic 
through the differentially pumped aperture column. tubes. In a preferred embodiment of the ir--— rU - 
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detector comprises a semiconductor disc 13 disposed 
above the specimen mount 12, said disc having a hole 14 
through which the beam of electrons passes. The sur- 
face of the disc facing the specimen mount is divided 
into a quadrant. The size of the semiconductor disc is 5 
dependent on the distance between the disc and the 
specimen to be imaged. For example, a 0.5 mm spacing 
between the disc and the specimen requires a disc hav- 
ing an approximate diameter of two centimeters. In a 
preferred embodiment of the invention the means for 10 
preventing the buildup of negative ions on the surface 
of the specimen includes an adjustable voltage aspirator 
15 and a capacitor plate 16. Surface charge buildup is 
prevented by causing charged air molecules from the 
aspirator to flow across the surface of the specimen and 15 
carry away the specimen charge. The aspirator has a 
variable power grid 17 at its opening for charging air 
molecules. Said charged air molecules are capacitively 
collected by the charged capacitor plate 16. 

What I claim is: 20 
1. A device for obtaining microscopic data or images 
of specimens which comprises: 

a. an electron source for emitting a beam of electrons 
into an electron optical vacuum column; 

b. the electron optical vacuum column including 23 
means for focusing the beam of electrons and 
means for scanning the surface of a specimen with 
the focused beam of electrons; 

c. a differentiaUy pumped aperture column attached 

to the electron optical vacuum column and having 30 
at least three walls perpendicular to the sides of the 
differentially pumped aperture column and defin- 
ing a series of pressure gradients, each wall having 
an aperture aligned to permit the beam of electrons 
to pass through the differentially pumped aperture 35 
column; 

d. a specimen chamber for holding the specimen to be 
scanned with the focused beam of electrons and 
capable of being maintained at a pressure which 
may be different from that of the electron optical 40 
vacuum column and the differentially pumped ap- 
erture column and attached to the differentially 
pumped aperture column so as to allow the focused 
beam of electrons to enter into the specimen cham- 
ber; *5 

e. a specimen mount located within the specimen 
chamber and positioned for supporting the speci- 


6 

men to be scanned with the focused beam of elec- 

f. means within the specimen chamber for preventing 
the buildup of negative charge on the surface of the 

specimen; 

g. a detector disposed wholly within the specimen 
chamber and positioned with respect to a specimen 
supported by the specimen mount so as to detect a 
signal emitted from the specimen upon the scan- 
ning of the specimen with the focused beam of 
electrons, the detector providing an electrical sig- 
nal output representative of the signal detected 
thereby; and 

h. means for displaying and recording the information 
provided by the output from the detector. 

2. A device as defined in claim 1, wherein the speci- 
men mount is capable of moving a specimen. 

3. A device as claimed in claim 1, wherein the means 
for preventing the buildup of negative charge on the 
surface of a specimen comprises an adjustable voltage 
aspirator disposed adjacent to the specimen mount 
which causes charged air molecules to flow across the 
surface of the specimen. 

4. A device as defined in claim 1, wherein the means 
for preventing the buildup of negative charge on the 
surface of a specimen comprises an adjustable voltage 
aspirator disposed adjacent to the specimen mount 
which causes charged air molecules to flow across the 
surface of the specimen and a capacitor plate disposed 
adjacent to the specimen mount on the side opposite the 
aspirator with a chaTge opposite that of the charged air 
molecules. 

5. A device as defined in claim 1, wherein the detec- 
tor is a scintillator disposed above the specimen mount. 

6. A device as defined in claim 3, wherein the detec- 
tor is a scintillator disposed above the specimen mount. 

7. A device as defined in claim 3, wherein the detec- 
tor is a semiconductor disposed above the specimen 
mount. 

8. A device as defined in claim 4, wherein the detec- 
tor is a semiconductor disposed above the specimen 
mount. 

9. A device as defined in claim 8, wherein the detec- 
tor is a semiconductor disposed above the specimen 
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